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;>Tnis memorandim describes the work of the RSRE Weather Radar Division

in the Ground Radar and ATC Group who in co-operation with the Meteorological
Office Radar Research Laboratory (Met O RRL) at RSRE have installed an ’
operational weather radar system at Camborne, Cornwall., This is the first ﬁ
of a number of installations soon to be installed by the Meteorological
Office. These will form an operational network of weather radars to enable
quantitative rainfall data to be made available to meteorologists,
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1 INTRODUCTION

The ability of radar to measure the intensity and distribution of rainfall has
long been recognised by meteorologists, hydrologists and others. The widespread
exploitation of techniques for the timely transmission of radar derived data
has been greatly hindered by technical and economic limitations. However, with
advances in technology and the ever decreasing cost of data processing and
transmission equipment, several experimental weather radar systems have been
developed in recent years. One such system has been demonstrated at Llandegla,
Clwyd (Ref 1), as a part of the Dee Weather Radar Project (Ref 2), The design
principles of this system form the basis of the further work described in this
memorandum, An extension to the Llandegla system was the incorporation of 3
similar computer based weather radars with overlapping cover into a network
system. This was controlled from a central computer at RSRE Malvern. This
system, termed ''The Mini~Network', using the manned weather radars at Llandegla,
Clwyd; Castlemartin, Dyfed; and Defford, Worcestershire; successfully demon-
strated the feasibility of the operation of a network system. In May 1977 the
Director General of the Meteorological Office gave his approval for a 'Pilot
Project'", centred at RSRE Malvern to '"Develop techniques to improve short

period forecasts of rainfall and wind and to optimise the impact of such
techniques on the short period forecasting capability of the Meteorological
Office" (Ref 3). A network of radars similar in design to those operated

during the "Mini-Network" will be included as part of the '"Pilot Project'.

This memorandum describes the design and implementation of the first operational
radar site for this project at the Meteorological Office Radio Sonde Station

at Camborne, Cornwall. Some results are given and future developments of the
system are discussed.

2 PREVIOUS WORK WITH A COMPUTER BASED WEATHER RADAR SYSTEM

The single site computer based weather radar system (Ref 1) used a narrow
beam, continuously rotating aerial to collect data at a low ("surface beam')
elevation, The radar amplitude signals received were digitised and then
processed by an on-site PDP-11/40 computer to produce a colour coded cartesian
map of rainfall rate and distribution and displayed on a modified colour
television (ctv) via a special data store, Radar derived rainfall totals of
some river sub-catchment areas of interest close to the radar were also
displayed and recorded, for off-line analysis with respect to rain-gauges in
the same areas. Control of this system was at the radar site itself via a
'Teletype'. Data was transmitted over the GPO DATEL 600 service to users
remote from the radar and displayed on a similar modified ctv and data store
as used at the radar site.

2.1 The 'Mini-Network' System

The software system as described briefly above was modified to make the radar
site computer part of a dispersed packet switched network. The design
principle of this system was that a central computer at RSRE Malvern would
control computers and their associated radars over GPO DATEL 2400 lines
connected in radial configuration on a master—-slave basis. A unique packet
switching technique was developed using a minimal computer configuration

in order to pass radar control commands and data amongst all sites with full
error checking to ensure confidence, (Refs 4, 5 and 6). An operator at the
network centre computer could then change and optimise parameters and programs
at any remote site in the network. This avoided the need for trained computer
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staff at each radar site during the experimental phase of the project. Data
from each radar site was transmitted to RSRE Malvern, where the network centre
computer composited the data from all available radars. This produced an
overall network picture of rainfall rate and distribution which was displayed
on a modified CTV via a computer updated display store immediately the data
became available. The computer had the additional facility to record 10
composited pictures on disc and replay them in an 'action replay' mode at
various rates. This was to assist in the study of the direction of motion of
the rainfall areas displayed. Other features of this network system included
software to duplicate the communications in a delta type configuration and
timing out facilities in the event of radar site hardware or communication
equipment malfunction.

2.2 "Mini-Network" Results

The "Mini-Network" was in operation on many occasions between Autumn 1975
and Spring 1976, using the 3 sites stated,

Data from this network was transmitted in real-time to several users for
evaluation. These users included the Main Meteorological Offices at
Gloucester and Preston and the Severn Trent Water Authority offices in Malvern.
The staff of Met O RRL at RSRE Malvern evaluated the network centre composite
data in comparison with raingauge results off-line.

The network system was further extended during this time, by the addition of a
spur from the computer at Llandegla, to a PDP-11/35 computer at the Bala office
of the Welsh National Water Development Authority. This spur connection
provided real-time radar~derived information to the Bala computer for river
control purposes and provided the 'Mini-Network' system with additional real-
time raingauge information. This information was derived from a number of
telemetering raingauges over the upper reaches of the River Dee and collected
by the Bala computer.

Fig 1 shows some results of composite data obtained with the 'Mini-Network'
system. The colour coding of the rainfall values was, at this time, a simple
binary progression from the minimum value of § mm/hr to 8 mm/hr. This gave a
confusing multi-coloured picture which was improved by collapsing the number
of colours to the 3 shown in Fig 1. Subsequently, a different colour coding
was used (see section 6 and Fig 3).

2.3 'Mini-Network' Conclusions and other developments

The operation of the Mini-Network System demonstrated to a variety of users

the feasibility and usefulness of a dispersed packet switched network of
computers controlling weather radars and collating the data at a central
computer site to derive an overall network picture of all the radars coverage.
This was demonstrated at a Symposium on Weather Radar and Water Management in
December 1975 (Ref 6). However it became apparent that there were considerable
difficulties in meeting all the needs of the various users of such a system.
Some of the users could be served by improved forecasts via the existing
Meteorological Office data dissemination services such as radio, facsimile
recorders etc but other users would require more detailed information pertaining
to their particular requirement.
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In November 1975 the Director General of the Meteorological Office set up a
working group to study means of improving short period weather forccasts over
the r..t decade. This working group reported in August 1976 reccgrising that
"the ability to observe the mesoscale (Medium Scale of the order of a few

tens of kms) structure and motion of clouds and rainfall has been greatly
improved by recent advarces in radar and satellite imagery and that these
improvements hold considerable promise for improving local forecasts for
periods 0-12 hours ahead". One of the several specific recommendations of this
working group was that a 'Pilot Project' should be instituted, the terms of
reference of which were "To develop the foundations for improved short period
forecasting systems exploiting these new forms of data". Approval in principle
to this 'Pilot Project' was given in May 1977.

3 METEOROLOGICAL OFFICE 'PILOT PROJECT'

Detailed below are the objectives of the 'Pilot Project' as described in
reference 3.

"The Pilot Project is a 5 to 8 year scheme which is intended to be from the
outset a balanced program of fundamental and applied research, The following
broad objectives can be identified:

i To establish and operate facilities to provide mesoscale observational
fields of cloud and precipitation (albeit at first over only a part of the
country in the case of some of the data); and, in the light of practical
experience, to optimise the accuracy, reliability, and the clarity and
timeliness of presentation of the data.

ii To exploit these data to improve our understanding of the structure,
mechanism, evolution, and predictability of precipitation and associated
wind systems.

iii  To develop simple analytical procedures to optimise the use of these
data for the provision of improved forecasts of precipitation and wind
(initially over a period of a few hours but with a view to extending the
period of improved forecasts up to 6 to 12 hours).

iv To assess from practical experience the utility of the actual and
forecast fields of precipitation to users (such as the Water Industry for
example).

v To asscss the desirability, and most cost-effective way, of extending
the mesoscale observational network and forecasting techniques,

Progress with implementation of basic facilities (Objective (1)) is expected
to be such that Objectives (ii), (iii) and (iv) can begin to be pursued in
1978 in parallel with continuing work on Objective (i).

Although progressive advances in forecasting capability can be expected with
the accumulation of experience and understanding (Objective (ii)) built up
over the entire period of the Pilot Project, it is considered that a fairly
simple application of suitably processed forms of radar and satellite data
(developed as part of Objective (i)) will lead to worthwhile improvements in
forecasting capability even at an early stage in the work,"

—— e g ——
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One of the major data inputs to the 'Pilot Project' is to be from a network of
operational weather radars broadly similar to the previously developed 'Mini-
Network' system. Modifications to meet the requirements of the 'Pilot Project'
are detailed in Section 4. Another data input is weather satellite data from
the 'METEOSAT' satellite which is geostationary at o° longitude. Cloud or
surface data from this satellite in the visible and IR spectra, after suitable
signal processing at Met Office, Bracknell is transmitted to RSRE, Malvern
where Met O RRL staff use this data to provide a context for the interpretation
of the radar derived rainfall information. The data is displayed on a develop-
ment of the original computer updated store that was used previously in the
'"Mini-Network' but with increased data storage capacity and display facilities
(Ref 9). This store was developed and constructed at RSRE, The radar/
satellite data analysis work is the responsibility of the Forecasting Techniques
Group at Met O RRL.

4 SYSTEM DESIGN FOR THE METEOROLOGICAL OFFICE 'PILOT PROJECT'

This system has resulted in many hardware and software changes from the 'Mini-
Network' concept but the resulting design evolved maintains the high degree
of flexibility that was inherent in the original design. At the same time it
meets the present and expected needs of its various users. The functional
design of the radar site to meet these requirements of the 'Pilot Project’

is as follows.

Each radar site will operate with the same signal processing software as was
used in the 'Mini-Network' phase. The main differences are in the control and
data transmission software and are:

(1) Overall control of each radar site operation is at the radar site itself,

(2) The radar and computer system is accurately timed by a crystal clock
time-referenced to GMT, in order that the radar can execute a pre-set pattern
of aerial elevations during a fixed time interval (typically 15 mins). Data
collection begins and ends at any azimuthal quadrant. There is then a 90 .
azimuth interval while the aerial elevation is changed in preparation for the
next data collection revolution and other house-keeping tasks on the computer
are completed. The aerial rotation time is set at approximately 55 secs, thus
allowing a sequence of 4 different elevations at 5 minute intervals repeated
three times at 15 minute intervals. The 15 minute interval occurrence
initiates a "surface beam'" task regardless of the existing sequence, This
caters for the danger of an erratic aerial rotation rate causing a lack of

the vital picture data at the expense of the odd higher elevation beam data.
This is the main operational task of the system and is termed the 4-Beam task.

(3) The processed data output of rainfall intensity and distribution data
from the surface elevation revolutions is output continuously from the radar
site in a fixed data format. It is the responsibility of the users to handle
the data as received. There are 4 types of data output by the radar site:

i TV picture data of rainfall rate and distribution to a 3-bit
accuracy, covering a radius of 210 km from the radar site. This is
derived from the surface beam elevation at 15 minute intervals (See
Appendix 5).

ii Rainfall totals to an 8-bit accuracy, over selected sub-catchment
area. These totals are updated at hourly and daily intervals from surface
' beam elevations at 5 minute intervals (see Appendix 6).
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iii Rainfall rate and distribution data to an 8-bit accuracy, suitable
for transmission to the network centre computer at RSRE Malvern for )
compositing with data received from other radars in the network. This is
collected from the surface beam elevation as in i and output at 15
minute intervals.

iv The option of on-site archiving of multiple elevation data (as iii)
on magnetic tape. This will be used for the off-line assessment of the
usefulness of a limited amount of information of the vertical structure
of rainfall systems, for the forecasting of certain types of rainfall
conditions,

The function of the network centre computer will be to accept the standard
8-bit data format from all available radars in the network, During a fixed
time interval, all the time-referenced radars should have executed a surface
beam data collection revolution. Composited data of rainfall rate and
distribution from all the available radars coverage can then be produced and
displayed.

This simplified system retains the essential features of the previously used and
well-proven signal processing system used in the 'Mini-Network' but at the
same time offers the following major advantages:

(1) No special purpose communications software is required to be resident in
the radar site computer. This gives a saving in program size and complexity.
It also permits the use of any other manufacturer's or agencies computer and/or
software at the radar site providing they meet the timing and standardised

data format required by the network computer, Other compatible weather radars
can then be included simply in the weather radar network. The network computer
can then accept data from all relevant radar sites and forms a composite
picture irrespective of the signal processing hardware, or software that has
produced this data.

(2) The decision not to adopt a dispersed packet switched network system of
computers initially for the 'Pilot Project' will allow a greater freedom in
the design of the system. The initial emphasis will be on the d&velopment of
a suitable data collection and dissemination system using existing equipment
and experience.

The first radar installation by the Met Office for use in the 'Pilot Project'

is at their Radio-Sonde Station, Camborne, Cornwall, As this radar and computer

systems design are similar to the two other systems soon to be installed by the
Meteorological Office at other sites, a full technical description of this
system should suffice for the other sites.

#

4,1 Camborne Radar and Computer System overview

The equipment in use at the radar site has not changed conceptually to that
used in the "Mini-Network". It consists of an on-site PDP-11/40 computer used
to process digitised radar data from a narrow beam, fully steerable radar
aerial. The data is collected at several low elevation angles. The radar
amplitude signals received are digitised and transferred to the computer by a
special purpose Radar Signal Averaging Unit (RSAU). After processing, the

} signals are displayed as a colour coded, cartesian map of instantaneous rain-

fall rate and distribution on a modified CTV via a special data store. Similar
data can be transmitted via the GPO DATEL service to users remote from the

i radar and to a network centre computer at RSRE Malvern where a composited CTV
picture of Camborne and future radar sites data can be displayed,

| | 4
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4.2 Signal Processing
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each 0.75 km x 1° polar range cell, ie LIST2 % SCANS, is held in list LIST3,
Some modifications are now made to this list with program P3 mainly to compensate
for the effects of fixed clutter by reference to a previously collected clutter
map. This map for the part1cular elevation angle in use is collected in the
absence of rain, and stores in memory all polar cell(s) (0.75 km x 1 ) in

which the mean signal amplitude exceeds a pre-set threshold value. The clutter
cancellation program in P3 then ignores the amplitude signal in the cluttered
cell(s) and derives an estimate of amplitude by interpolating between un-
cluttered cells either side in range. Program P4 now operates on LIST3 to
further average the polar cell values (0.75 km x 10) to polar bins (1.5 km x 1 )
in order to reduce the processing time in the later polar to cartesian co-
ordinate transformation. The LIST3 signal amplitudes are then converted to
rainfall rate (mm/hr) firstly by reference to a table labelled POWERLAW,
containing 1024 values. The assumed relationship between amplitude (a), the
output of the RSAU and rainfall (R) is

a2 = le'6 where k 1s a constant normally assumed to be 200.

The output of the POWERLAW table is the solution of:

1.6Va2 al+25

R = 8 = 8 where 8 is a scaling factor.
The final rainfall rate calculation is then a function of this solution, a look
up table named RCORRECTION which allows for the /2 dependance of the signal
beyond the maximum range of the PIN diode (see Appendix 2) and the value of the
word SENSITIVITY. This word is derived from a knowledge of the receiver 1
characteristics and is directly related to the programming of a 12-bit anti-
logarithm generator in the RSAU and to POWERLAW (see Appendix 8). The co-
ordinate system is changed in real time using programs P5, P6, P8 and P9 (see

* Appendix 9) into a cartesian co-ordinate system based on the National Grid.

When the aerial has completed one complete revolution the processed data of

rainfall rate and distribution is suitably formatted for dissemination to the

various users. Program PICOUTPUT converts the 8-bit data into 3-bit colour

coded TV pictures. Program MODEM transmits this data via the GPO DATEL 600 .
service. Program SUBCATCHMENT derives rainfall totals from the surface beam
elevation, at 5 minute intervals, over selected sub-catchment areas served by
the radar, formats the data and appends it to the TV picture data for
transmission via program MODEM, Program DATATRANSMIT formats the data into the
standardised form for transmission to the network centre computer at RSRE via
the GPO DATEL 2412 service. Program MAGTAPE records the multiple elevation,
8-bit data on a magtape unit at the radar site.

4.3 PDP-11 Computer and Software

The PDP-11 computer was chosen originally as the on-site data processor for
several reasons, including processing speed and comprehensive program
development software. The capital investment in hardware and proven software
and the general popularity of this machine family has determined its continued
use for the Met Office "Pilot Project'. There are 3 generations of PDP-11

! computers in use, PDP-11/20 and 11/34 disc based, program development machines

at RSRE and a PDP-11/40 as the on-site data processor at Camborne. Further

' installations will have PDP-11/40 or 11/34 computers. Radar site software has
been developed to operate with all configurations of the above computers.




ol b

Software written for the system is in PDP-11 assembler. A macro processor

is included in the PDP-11 program development system and a macro based "PSEUDO"
high level language has been developed for this specific real-time application
(Ref 8). This allows the writing of high level source text statements which :
are interpreted as macro calls and then expanded by the PDP-11 assembler. :
This system provides some of the features normally associated with a high level 1
language and also such features as the uninhibited use of assembly language

statements, good source text readibility, self documentation and high efficiency

in terms of run-time, storage and code generation., Signed integer arithmetic

is used throughout.

Conversion of the software to a high level language such as CORAL 66 would be
possible but is not considered to be feasible at the moment when consideration
is given to the present machine configurations, the existing amount of proven
software and the aims of the "Pilot Project",

4,4 Radar Site Hardware Detailed Description
(A block diagram of the hardware configuration is shown in Fig 2),
4,4,1 Radar

The radar used at Camborne is a PLESSEY 43S Weather Radar that was originally
installed at Changi, Singapore; for Met Office storm warning purposes and was
returned to the UK recently when the British Armed Forces withdrew from their
Far Eastern commitment. The mechanical and electrical modifications, and the
ingtallation have been the responsibility of the installation group of the Met
Office. The radar aerial system is mounted on a 10 metre tower. The modified
azimuth drive system rotates the 3.7 metre diameter aerial continuously at
approximately 1.1 rpm. A servo controlled elevation system moves the aerial
between -5 and +36 with an accuracy of - 0.1 on command from the computer.
The radar transmitting and receiving equipment is housed at the base of the
tower along with the associated computer, interfaces, display and communications
equipment. The radar transmitter operates at 2880 MHz with prf of 275 Hz. The
peak power is 650 kW with a pulse width of 2,0 u sec. The original Plessey .
Mk V PPI display equipment is retained, chiefly for monitoring and photographic
purposes.

ey

4.4.2 Radar Receiver

To ease the stringent dynamic range requirements of the radar receiver system
a logarithmic receiver was used with the original PLESSEY 43S equipment, plus
a swept attenuation system to compensate for the /2 range dependance of

rainfall echoes. Extensive modifications to the original Plessey design have
been devised by RSRE to incorporate the latest 'state of the art' solid state
components in order to improve the dynamic range, linearity, accuracy and

reliability of the system. A full description of this work is covered in H

Appendix 1.

The swept gain attenuation system to remove the 1/r2 dependance of the signal
over the first 50 km range uses an S Band PIN diode attenuator with digitally
derived hias current, as outlined in REF 1. A detailed description of the
digital equipment provided for the Camborne radar, which has been the
responsibility of Met O RRL, is given in Appendix 2.
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[ 4,4.3 Radar/Computer Interface Unit

This unit is deaigned to interface hetween the PLESSEY 43S radar and the
PDP-11 computer, to give all the necessary data and control signals for the
correct operation of the software (sec¢ Appendix 4). These include:

i 4 decade BCD display of azimuth and elevation and the conversion
from BCD to binary for input to the computer.

ii Interrupt control of the computer by azimuth and eclevation least
significant bit change.

iii  Control of elevation position (computer activated),

iv Provision and control of the RSAU 0.8 MHz clock.

\Y A 16-bit LED display used as a programmers aid to output from the
computer any required data to aid software development and diagnostics,

vi LED monitoring facility to indicate equipment malfunction.
4.4.4 Displays 1

Several display options are available to the local and remote user. The 1
"local" user is defined as the person at the radar site while the ''remote"
user ig defined as the person at sites removed from the radar site, who
receives data via the GPO Datel 600 Service, The first display option is the i
Jasmin Mk 3 Store, documented in Appendix S, This unit has been specified

by RSRE (Spec No X6707) and is manufactured by JASMIN ELECTRONICS, LEICESTER.
The store displays either on a modified colour television or a colour television
display monitor. The displayed data consists of a cartesian representation

of the rainfall-rate and distribution as measured by the radar system to a
maximum range of 210 km. It comprises a grid of 84 x 84 5 km cells, where

each cell can contain one of eight colours to denote rainfall rate. New
pictures are normally transmitted at 15 minute intervals from the radar site.
The store is capable of replaying 9 successive pictures, at user-selected

rates, to examine past events.

The second display option, using the Data Logging Unit is described in
Appendix 6 and performs the following functions:

i Print-out of subcatchment data (both hourly and daily averages).
This takes place whenever new data is available; normally at hourly
intervals.

ii An override facility to force print-out at any time. This is to
recover any data lost caused by communication errors, power fail etc
at the receiving end. q

iii  Routine monitoring, by means of a simple block check technique,
of data error rates on the communication link.

iv Print-out of the result of these checks to warn users of error
situations. (Thus allowing forced print-out as in ii to examine the
data again.)

1o
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This unit has been designed and specified at RSRE and two units have been
constructed in-house. The development of future units is being undertaken by
the Water Research Centre. A further display unit, a "Fast-Update Store",
has been developed at RSRE for use at the network centre only, This store is
used to display a complete frame of a network picture from the network centre
computer immediately it becomes available and is described elsewhere (Ref 9),

4.4.5 Communication Buffer Units

4.5

a Radar Site

The radar picture data can be made available to many 'remote" users
simultaneously. The computer interface and the associated interrupt
driven software is, however, designed to drive one modem only. A small
transmitter buffer unit has been designed to output this common data
from the computer interface to 4 modems. The number of modems can be
increased by serial connection of these buffers,

b Remote Site

The remote site user will need a receiver buffer if both the Jasmin
display and the Data Logging Unit are installed. A buffer has been
designed to output to 4 units and again serial connection of these
buffers can extend the user displays.

Both of these units have been produced at RSRE on a one-off basis. Further

manufacture is to be undertaken by Met O RRL, Details of the design of
the units is contained in Appendix 7.

Sof tware Description

A detailed description of the software is contained in Appendices 8 and 9,
The main functions of the software are summarised below:

a Initialisation of the system, clearing lists, setting up interface
parameters etc (program SETUP),.

b The program, termed the ''baseload program" for the control of the
four major data collection tasks, (program TASKMASTER). These are:

i Single revolution PPI (programs PPI 1 and PPI 2)

ii Single revolution clutter map collection and storage
(program CLUTASK).

iii  Single revolution clutter picture display (program CLUPIC).

iv The "4-Beam Task''. This is the normal, time-referenced

task to collect data from four differont elevations of the aerial
during one 15-minute interval, This task is repeated 3 times in

a 15 minute time slot. An output picture is produced for the
surface beam at 15 minute intervals and detailed sub-catchment
data is summed at 5 minute intervals for averaging over hourly and
daily periods.

I
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c Control of the radar aerial elevation angle,

d Organisation of the digitised radar received signals from the
RSAU. This provides for hardware averaging in range. Typically the
data is 290 range cells each of 750 metres x 0.1 .,

. ; . o . . .
e Averaging ‘» time over 1 azimuth integration brackets.

f Cancellation of fixed ground echoes by the interpolation of
rainfall information over a previously collected clutter map.

g Occultation correction for screening of the radar beam by hills,
etc (Program P3).

h Further averaging to 1.5 km x 1° polar bins (Program P4),

i Conversion from radar received amplitude to rainfall rate in mm/hr
(Program P4 and POWERLAW list).

3 Polar to Cartesian co-ordinate conversion. From 1.5° km x 1°

polar bins into 2 km and 5 km grids based on the National Grid (Rainfall

rates between 1/64 and 63 mm/hr are held in an 8-bit "float" notation).

(Programs P4, P6, P8 and P9.) j

k Conversion of 5 km, 8-bit data to 5 km, 3-bit data for TV display
and output to local and remote users, A new TV picture is generated at
15 minute intervals from the surface beam elevation (program PICOUTPUT). 1

1 Derivation of sub-catchment totals over 1 and 24 hour periods and
formatting for output to users (program SUBCATCHMENT),

m Date and time-keeping (program CLOCK),

n Storage on magnetic tape of 5 km and 2 km cartesian grid data
for all elevations used, and subcatchment totals at hourly intervals
plus the appropriate headers of time, date, type, etc (program MAGTAPE).

o Transmission of 5 km cartesian grid data in 8-bit form via the
GPO DATEL 2412 service to the network centre computer for compositing
(program DATATRANSMIT).

p Input and output control of all tasks via the 'Teletype' (program
TTY).
q Decoding of 'Teletype' keyboard instructions via a command string

interpreter (program CSI).

T Control of output messages from a library (program SITEMESSAGE).
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5 COMMUNICATIONS

Data is transmitted to the remote users of TV picture and subcatchment

data via the GPO DATEL 600 service. This is an asynchronous system operating
at 600 baud which transmits the 3-bit TV picture data for storage in the
'JASMIN' store and subcatchment data for the Data Logging Unit. In addition
block check characters enable data reliability statistics to be collected.

Data is transmitted to the network centre computer via the GPO DATEL 2412
service. This data is 8-bit, 5 km cartesian grid data of the surface beam
elevation and is zero packed to reduce both transmission time and magnetic
tape storage requirements (Appendix 11). The DATEL 2412 service is similar
to the DATEL 2400 service previously used and described in Ref 1 and operates
at 2400 bits per second.

The data is updated at 15 minute intervals by new surface beam data. The

GPO DATEL 2412 service operates as a 4-wire, full duplex, synchronous
communications link. This has been retained for the "Pilot Project' for
reasons of flexibility and development potential. The long term intention is
that all weather radar sites should be totally unmanned except for periodic
preventive maintenance. Two way communications to each radar site may then be
required for control, remote monitoring and calibration procedures (see Section
7 for future developments).

6 CAMBORNE INSTALLATION

The system described above was installed at the Meteorological Office Radio-
Sonde Station, Camborne, Cornwall in May 1978, It became operational 24 hours

a day from late May and from August it has been transmitting TV picture data

of rainfall rate and distribution to the Main Meteorological Office, Plymouth.

A similar display facility has been installed at the South West Water

Authority offices in Exeter, An addition to this installation will be the
provision of a data logging unit (and the appropriate receiver buffer unit).

The program in use at Camborne has been provided with a mask of 25 sub-
catchment areas of interest to the SWWA and will regularly provide sub~catchment
totals of these areas to the data logging unit.

Fig 3 shows a TV picture of data collected with the Camborne system at 0300
hours on 1 August 1978, The coloured symbols in the bottom left hand corner
represent rainfall rates as follows:

Black None <0.125 mm/hr

White L 0.125 to <1,0 mm/hr
Yellow 1 1.0 to <4,0 mm/hr
Green 4 4,0 to <8.,0 mm/hr
Cyan 8 8.0 to <16,0 mm/hr
Blue 16 16.0 to <32,0 mm/hr
Purple T 32.0 to <63.0 mm/hr
Red H 263,0 mm/hr

The accompaning meteorological description of events is by a member of Met
0 RRL staff.
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Fig 4 shows the corresponding magnetic tape data collected at Camborne and
processed off-line. The print—out is with a modified square format line
printer. The symbols shown represent rainfall rates in the range 1/16 to
63.0 mm/hr as shown in the attached table.

Two modifications have been made to the Camborne site software and have been
incorporated since November 1978. The first is the use of data from a higher
elevation beam for the measurement of rainfall rate at ranges less than 30 km.
This greatly reduces the effect of land and sea clutter. The second modification,
determined by the geography of the Camborne site, is to elevate the surface

beam by 1° in the sector 70-166° to avoid the hills to the east. (This will
reduce the effective performance of the radar at long ranges in this sector

but is essential for this particular site.)

1 7 FUTURE DEVELOPMENTS

Several further installations are nlanned in the near future. A mobile PLESSEY
43S radar and a PDP-11/40 computer housed in a "Portakabin" will be installed
at the Meteorological Office Regional Servicing Centre at UPAVON, Wilts in
early 1979. A PLESSEY 43C radar previously used at Llandegla, Clwyd, on the
Dee Weather Radar Project and a PDP-11/34 computer and associated equipment
will be installed in a radome on Titterstone Clee Hill, Shropshire, in mid
1979, This will provide TV picture data zad sub-catchment totals to the

Severn and Trent Water Authority Offices in Malvern and TV picture data to

the Main Met Office in Gloucester and Birmingham Airport. (The 43C operates

in C Band at a frequency of 5.6 GHz.)

A joint project involving the Met Office, Water Research Centre, Central Water

Planning Unit, North West Water Authority and the Ministry of Agriculture,

Fisheries and Food is purchasing a PLESSEY 45C radar for installation on

Hambledon Hill, Lancs. This installation will have the same signal and data

processing system as the other sites but will differ in that it is planned to

be totally unmanned. Remote monitoring software will be required to maintain

this site, the first of the new generation of unmanned sites. Discussions

are now taking place between all interested parties to formalise the design '
and operational requirements of this system.

It is the intention that these radar sites will transmit data to a network
centre computer at RSRE Malvern where a composite of the data from all sites
will be produced for dissemination to users. This will form a major part of
the "Pilot Project” data input. The Forecasting Techniques Group of Met O RRL
are responsible for the evaluation of this data in conjunction with the
appropriate satellite data to enable fulfilment of their "Pilot Project"
objectives,
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APPENDIX 1
CAMBORNE RECEIVER SYSTEM

The original Plessey 43S radar receiver used a travelling-wave tube RF .
amplifier, crystal mixer and valve IF amplifiers which were prone to drift
with temperature and time. These RF and IF amplifiers have been changed for
solid-state versions. The logarithmic dynamic range of the receiver has

been increased and the stability improved. It is expected that the solid-
state receiver will give greater reliability and efficiency. A Block Diagram
of the improved system is shown in Fig AlA.

The new units in the receiver system are described below:

The AEI Solid-State RF amplifier (Type No DA 5912) provides 30 dB gain with
a 6.5 dB noise factor. The unit contains a built-in non-reflecting limiter
and mains driven power supply.

The next item in the chain, the Hewlett Packard PIN diode 1/r2 attenuator, is
a current driven diode providing up to 36 dB attenuation. Its drive current
is provided by a digital drive unit described in Appendix 2.

The mixer stage is original Plessey equipment incorporating Mullard components.
It has been modified to eliminate an unreliable contact which was affecting
its stability.

The IF output from the mixer, at 30 MHz, is fed to the head amplifier,
which uses a Plessey SL560 integrated circuit and has a gain of approximately
30 dBs.

The Hatfield variable attenuator which follows the head amplifier has a
switched range of O to 10 dB, and is used to adjust the sensitivity as
required. This procedure is described later in this appendix.

A Texscan passive L-C filter, limits the inherently broadband logarithmic
amplifier, and hence the total receiver system, to a -3 dB bandwidth of
1 MHz.

The solid-state logarithmic amplifier is of the successive detection type
using 8 Plessey SL521 integrated circuits. It is a modified form of a
standard RSRE design used in military radars having accurately balanced
positive and negative 12 volt supplies. Modifications have been carried out
to increase the stability and logarithmic dynamic range. This has

involved changes to the dc amplifier section and provision of a built~in
voltage stabiliser on the positive supply so that independant positive and
negative power units with output voltages within ~ 0.25 V of nominal can be
used, and can be replaced in the event of failure, without the need to
recalibrate the receiver.

The overall dynamic range is proportional to the number of integrated
circuits used and the dynamic range of the head amplifier.
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The receiver system is set up using an "S" Band signal generator to inject

a signal into the solid-state RF amplifier. This signal generator simulates
the calculated power received from a given mean rainfall rate. The logarithmic
receiver output voltage is measured using either a digital voltmeter or by
printing out the digitised amplitude values using the associated computer
system with a special program.

Since the output voltage depends on the load impedance being maintained
accurately at the 50 ohm value provided in the Analogue-Digital converter

in the Radar Signal Averaging Unit (RSAU), a separate monitoring output is
provided on the receiver which feeds a buffer amplifier to enable comnection
of an oscilloscope.

It was decided to cater for the detection of mean rainfall rates in the range
0.125 mm/hour to 64 mm/hour. A graph of receiver output volts plotted
against RF power input is shown in Fig AlB, From this graph it can be seen
that the logarithmic dynamic range is 64 dB and the corresponding output
voltage range is from zero volts to two volts, a slope of 32 dB/volt. An
important aspect of the logarithmic amplifier design is the ability to change
the unit without lengthy recalibration procedures. This has the advantage
that the logarithmic amplifiers can be set up in the laboratory and are
inter-changeable. The theoretical minimum detectable signal is -107 dBm
given that the noise-figure of the RF Amplifier is 6.5 dB.

With these receiver parameters it is thought that the best use of available
dynamic range is achieved by setting the overall gain, using the variable
attenuator, to give an output of one volt for an RF input of -73 dBm,
equivalent to a mean rainfall rate of 4 mm/hour. 1If, at any time, it was
thought desirable to change this setting this can be done, using the
attenuator, to give an output of one volt for, say, 1 or 2 mm/hour.

The calculated mean rainfall rates and ADC levels are plotted in Fig AlB

in addition to output volts. It is desirable to keep the receiver noise
output voltage below zero volts so that the full available ADC range is used
for signals. The formulae used to calculate power returned from a given
mean rainfall rate are given later in this appendix.

Because of the "noise-like’ structure of the returns from precipitation it
is necessary for the logarithmic response of the receiver to extend below
the =97 dBm (0.125 mm/hour) and above the =54 dBm (64 mm/hour) points to
provide a good statistical sample. A greater amount of additional dynamic
range is required at the high signal end than at the low signal end. 1In
the present design, and using the setting 4 mm/hour equals 1 volt, we have
allowed 7 dB below -97 dBm and 14 dB above -54 dBm.

The receiver system has proved to be very stable in use. At the present time
gain is checked by injecting an "S" Band signal into a -30 dB directional
coupler but in the future we shall incorporate an automatic gain check into
the system, using a pulsed noise diode to give a calibration signal beyond
maximum radar range, provided the long term stability of the noise diode

can be proven to be adequate. It is hoped that this calibration signal will
be sufficiently stable to give an indication of any major change. An "S"
Band signal would still be used for final calibration.
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DETAILED NOTES ON RECEIVER SETTING UP AND OPERATION

The following notes are included as a guidance to personnel using the
receiver equipment. (A more detailed block diagram is shown in Fig AlC.)

The variable attenuator is provided to enable the initial setting-up
prccedure to be carried out and can also be used to compensate for tolerances,
and changes that take place in the equipment which precedes it. The latter
includes cable attenuation which at Camborne is insignificant but at a site
using a mobile 43S may be as much as 2 dB.

The variable attenuator must not be used to take out any changes in the k
logarithmic amplifier which should be stable and therefore replaced if faulty i
A graph of power into the logarithmic amplifier against voltage out is shown

in Fig A1D. The graph is taken using the signal generator fed through a

6 dB attenuator to compensate for the attenuation in the passive filter and

any cable losses.

It is important that the lead from the logarithmic amplifier to the Analogue

to Digital converter is kept reasonably short (<1 metre) and that oscilloscopes,
digital voltmeters, etc are not connected to this point in parallel with the
amplifier output. The accuracy of the digitised output is affected if the

50 ohm amplifier loading impedance provided by the load within the Analogue to
Digital Converter is reduced by other loads or cable capacitance. An auxiliary
high impedance output (fed from the main amplifier via a 1 Kohm resistor)
supplies a buffer amplifier for feeding non-critical loads. As the buffered
output may differ slightly from the main output, precise measurements must
always be made on the main output. When the A/D converter is not connected,
and a digital voltmeter substituted, the 50 ohm impedance must be maintained

by an externgl accurate 50 ohm load. (A 27 tolerance on impedance produces

an error of - 0.3 dB at a 1 volt output level.)

If it is necessary to carry out a spot check on the overall gain of the
system this must be done with a signal giving about one volt output from the
logarithmic amplifier. This is to avoid the effects of noise at lower
levels or saturation at higher levels.

Care must be exercised if there is a need to disable the AFC when making
measurements. There is an AFC disable button available for this eventuality.
Any attempt to disable the AFC by removing the LO feed to the AFC mixer will
cause a change in the signal mixer current and affect the conversion
efficiency and hence, the gain.

CALCULATION OF POWER RECEIVED FROM A GIVEN RAINFALL RATE

The form of the radar equation used in these calculations is due to Probert-
Jones (Ref Al). This formula includes, within the equation, a two-way beam
shape loss factor derived from a Gaussian approximation to the aerial main-
beam shape, avoiding the use of a separate beamshape loss factor as would be
required in conjunction with the usual form of radar equation, for example
in Ref A2.
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The original Probert-Jones formula can be expressed as:

P = » “o b 2 o o — ST Al.1
r 16 loge2 A2 2 |e+2 64
Pr = Received Power in watts
Po = Peak transmitted Power in watts
h = Pulse length in space in metres
G = Gain of aerial system
8, ¢ = Beamwidths in radians
r = Range in metres
€ = Dielectric constant of water
Zd6 = Sum60f3the sixth power of raindrop diameters in unit volume
: (mm” /m™)

A = Wavelength in metres

We have used this equation in a re-arranged form as suggested by

A J Whyman (RSRE) at this uses more readily measurable parameters.
P = v _av Ei GZ o ¢ 1 |e—1 2 2y 10-18 watts Al.2
r 16 logeZ prf ¢ r2 £+2 64

_12

where l—:f = 0.93
Pav = Average Transmitter Power = 357 watts .
f = Frequency = 2,860.106 Hz
G = Aerial Gain = 6310
] = Elevation Beamwidth in Radians = 0.035
¢ = Azimuth Beamwidth in Radians = 0,035
T = Range in metres
c = Speed of light = 3.108 metres/second
prf = Pulse recurrence frequency = 275 Hz
z - Zd6 in units of mm6/m3

Al-4
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Z can be expressed in relation to a rainfall rate, R, in mm/hr by the
empirical formula

Z = ARB

where A and B are constants depending on the type of rain (REF A2). For
average rainfall, A can be taken as 200 and B as 1.6. For the radar
parameters quoted above, equation Al.2 gives the following results for a

range of 50 km, the = normalised range. !
r
Rainfall Rate (mm/hour) Power input to RF amplifier (dBm)
0.125 =97
1 -83
4 =73
8 -68
16 -63
32 -58
64 =54
100 =51
REFERENCES
Al  Probert-Jones, J R. 'The radar equation in meteorology'". Quart. J.

Roy. Met. Soc. 88 (1962) pp 485-495.

A2  Skolnik, M. '"Introduction to Radar Systems" (1962). Sec. 12.5 pp 539-
543.
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APPENDIX 2

1
:? (programmable) swept attenuator M J E CAWLEY MET O RRL MALVERN

The 1/r2 dependance of signal strength with range imposes a stringent
requirement on the overall receiver dynamic range. A hardware correction
using a standard PIN diode gives a range-independant signal return over a
dynamic range of 36 dB for a penalty of a 2 dB insertion loss. This rf
attenuation thus reduces the requirement of the receiver components which
follow the PIN diode.

. . . 1,2 .
The required attenuation at any point on the ~/r~ curve is calculated from:

2
r (km) = Zr* To (km)
d/antilog(requ1red18ttenuat10n>

where r = range point on —5 curve
r

r

o normalisation range ie range at which attenuation is to be O dB.

The total range of interest is divided into range cells and information on
the bias current required for the appropriate attenuation in each cell is
held in a Programmable Read-only memory (PROM). The number of range cells
required is determined by the accuracy demanded of the curve and in the
present case 256 cells are used corresponding to a maximum error of - 0.6 dB.

Referring to Fig A2A the system is triggered on receipt of a transmitter
pulse. In the normal state the reset bistable holds both the binary rate
multiplier (brm) and the 8 bit binary counter in the reset condition. On
receipt of a transmitter pulse the reset bistable changes state allowing the
brm to pass clock pulses at a rate determined by the range setting. The 8
bit binary counter counts these pulses on a "ripple through'" basis until the
counter is full. At this point the 8 input NAND gate triggers the 1.4 mS
monostable which in turn switches the reset bistable. The brm is now reset
so inhibiting further clock pulses but the 8 bit counter remains in its full
state for a further 1.4 mS at which point it too is reset to 0. Thus,
commencing with each transmitter pulse the counter counts from O to 255 in a
time:

brm rate x 255
clock frequency

time =

so giving ranges of 200 km, 100 km, 50 km and 25 km respectively corresponding
to brm rates of % 32, + 16, ¢+ 8, and + 4. The counter then remains at 255

for a further 1.4 mS (210 km) before returning to 0. This count is applied

to the address inputs of the PROM and the,PROM is programmed so that the
corresponding word outputs follow the 1y law. The PROM outputs are latched
in order to avoid the glitches which occur during memory access time, the
latch being enabled by the delayed pulse generator during count time and by
the 1.4 mS monostable when count goes from 255 to O. To further ensure that

minimum attenuation is obtained between r, and o+ 1.4 mS the monostable is

A2-1
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also used to disable the PROM during this period. ON/OFF control by external
line is also obtained by disabling the PROM since this method is both
immediate and does not disturb the count sequence. The voltage output from
the digital to analogue converter is fed to the PIN diode (current operated)
via a series load.

The test bistable enables single pulses to be fed to the counter by pressing
the button the number of times corresponding to the required address. Thus:

Address - Attenuation
0] 36 dB
7 30 dB
15 24 dB
31 18 4B
63 12 dB
127 6 dB
255 0 dB

A preset is provided to allow for the adjustment of the output current to
suit individual HP diode units.
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APPENDIX 3
RADAR SIGNAL AVERAGING UNIT (RSAU)
A3.1 INTRODUCTION

This unit was designed and manufactured by MICROCONSULTANTS LTD for the
digitisation of radar analogue video signals, the averaging of successive
amplitudes and the transfer of the result to a PDP-1l1 computer. It
effectively performs the function of radar signal averaging in range.

The RSAU consists of an 8-bit analogue tc digital convertor, a digital
anti-logarithm generator using electrically alterable programmable read only
memories, averaging logic to average up to 16 successive amplitudes and
control logic to transfer the result to a PDP-11 computer by direct memory
access.

A3.2 SIGNAL PROCESSING
A3.2.1 Analogue to Digital Convertor (ADC)

The video signal from the radar receiver is converted to an 8-bit parallel
digital form in a MICROCONSULTANTS analogue to digital convertor type

AN-D1 802 VID. The rate of digitisatiocn is determined by externally applied
clock pulses derived from the radar/computer interface unit (See Appendix 4).
The clock frequency is normally 0.8 MHz which is equivalent to sampling the
radar signal at range intervals of 187.5 metres.

The ADC is modified by the manufacturers to make the O to 2 V input of the
unit compatible with the radar receiver output.

A3.2.2 Anti-Logarithm Generator

A programmed read-only memory is used to generate a 12-bit anti-logarithm

output “hat is proportional to the amplitude of the signal present at the
logarithmic amplifier receiver input. This comprises a 256 word, 12-bit

look-up table implemented in two 8 x 256 bit electrically alterable programmable
read-only memories (Ulura-violet erasable type NS MM5203Q). The inpu“-output
relationship for the read only memories is derived from a knowledge of the
receiver characteristics.

A3.2.3 Averaging Logic

Successive output words from the anti-logarithm generator are summed in a
16-bit storage register. The number of samples to be summed and then scaled
to derive the average value is preset by a computer output instruction.
After this number of samples has been gummed the content of this storage
register 